This study was undertaken to describe the association of patient race/ethnicity and renal allograft survival among the national cohort of pediatric renal allograft recipients. Additionally, we determined whether racial and ethnic differences in graft survival exist among individuals living in low or high poverty neighborhoods and those with private or public insurance. Among 6,216 incident, pediatric End Stage Renal Disease patients in the United States Renal Data System (kidney transplant from 2000 through September, 2011) 14.4% experienced graft failure, with a median follow-up time of 4.5 years. After controlling for multiple covariates, black race, but not Hispanic ethnicity, was significantly associated with a higher rate of graft failure for both deceased and living donor transplant recipients. Disparities were particularly stark by 5 years posttransplant, when black living donor transplant recipients experienced only 63.0% graft survival compared with 82.8% and 80.8% for Hispanics and whites, respectively. These disparities persisted among high and low poverty neighborhoods and among both privately-and publiclyinsured patients. Notably profound declines in both deceased and living donor graft survival rates for black, compared to white and Hispanic, children preceded the 3-year mark when transplant Medicare eligibility ends. Further research is needed to identify the unique barriers to long-term graft success among black pediatric transplant recipients.
Introduction
Kidney transplantation is the preferred treatment for End-Stage Renal Disease (ESRD) patients due to its improved patient survival, quality of life, reduced morbidity, and economic savings compared to dialysis 1 . In pediatric ESRD, children who receive kidney transplants also show improved growth 2 . However, transplantation is not a cure; for children with ESRD, conditional on surviving the first year with a functioning transplant, the current graft half-life is estimated at 12 years for deceased donor (DD) transplants and 15 years for living donor (LD) transplants 3 . Transplant maintenance requires diligent medication adherence, frequent laboratory monitoring and clinic visits.
In the U.S., racial, sociocultural, and socioeconomic differences have been shown to compound the challenges of maintaining long-term function of a kidney transplant 4 . Among renal allograft recipients, studies have reported worse short-and long-term allograft survival for African American patients in both adults and children [5] [6] [7] [8] [9] . In the pediatric population, the rate of graft failure among black patients has been reported as nearly twice the rate of graft failure of white patients [10] [11] [12] . Several studies have documented racial disparities in access to kidney transplantation among blacks and Hispanics vs. white pediatric patients 13 , including decreased rates of waitlisting 14, 15 reduced rates of preemptive transplantation 15 , lower living donor rates and poorer HLA matches 16 . Pediatric ESRD patients who receive a preemptive transplant 11 or LD (vs. DD) kidney transplant 17 have improved graft survival.
The reasons for these disparities are likely multifactorial in nature, and low socioeconomic status (SES) is an important risk factor for poor health outcomes among pediatric ESRD patients 18 . While prior studies have adjusted for some SES factors, the presence of racial disparities in renal allograft survival across levels of SES has not been previously described among the U.S. pediatric kidney allograft recipient population. Furthermore, Hispanics have often been overlooked in pediatric studies of renal allograft survival, although they comprise a growing proportion of the pediatric ESRD population 19 . One single center study by Muneeruddin et al. suggested that Hispanics had improved DD graft survival but similar LD graft survival compared with African Americans 20 . Notably, in the Muneeruddin et al. study, Hispanics were of similar SES to whites. Finally, previous research examining racial and ethnic differences in pediatric allograft survival has not examined interactions between SES and donor source. The purpose of our study was to describe the association of patient race/ethnicity and renal allograft survival among the national cohort of pediatric renal allograft recipients, and to determine whether racial and ethnic differences in LD and DD allograft survival exist among individuals living in low vs. high poverty neighborhoods and those with private vs. public insurance.
Results

Demographic and Clinical Characteristics of Study Population
Among the 6,216 pediatric DD or LD recipients included in this analysis, 893 patients (14.4%) experienced graft failure due to any cause over a median follow-up period of 4.5 years and an additional 307 pediatric transplant recipients (4.9%) died with a functioning graft. Demographic and clinical characteristics of the study population by race/ethnicity are presented in Table 1 . The mean age at the time of transplant was 10.9 ± 5.2 yrs, 58.5% were male, 21.1% were black, and 26.7% were Hispanic. Racial differences in demographic and clinical characteristics of the pediatric transplant recipients were apparent. On average, white patients were younger (10.3 years) compared to Hispanic (11.3 years) and black patients (11.8 years). Compared to white patients, blacks were more likely to have a body mass index (BMI) >85 th percentile (19.0% vs. 11.6%). Compared to whites, a greater proportion of both Hispanic and black patients had public insurance (71.5% and 68.8% vs. 42.5%, respectively) and lived in impoverished neighborhoods (32.9% and 38.2% vs. 13.6%) ( Table 1) .
Transplant and Donor Characteristics of Study Population by Race
Both Hispanic and black patients were less likely to receive a LD transplant (33.3% and 25.5% vs. 58.6%), to be preemptively transplanted (14.2% and 8.7% vs. 27.4%, respectively) and more likely to spend ≥ear on dialysis before transplant (59.4% and 56.5% vs. 36.5%, respectively) vs. whites. Longer donor cold ischemia time (>24 hours) was more common among black DD recipients compared to whites and Hispanics (11.8% vs. 9.0% vs. 8.8%, respectively). Donor age was higher among whites compared to minorities, and whites had fewer HLA mismatches. The majority of patients (77.5%) were prescribed a tacrolimus-based immunosuppression regimen at discharge, followed by a cyclosporinebased regimen (11.7%), and a higher proportion of black and Hispanic patients were prescribed tacrolimus-vs. cyclosporine-based regimens vs. whites (81.7% and 79.9% vs. 74.9%, p<0.0001). Delayed graft function was more common among black DD transplant recipients (11.2%), vs. whites (5.4%) and Hispanics (5.9%) ( Table 1) .
Graft Survival (Crude Analyses)
Among pediatric kidney transplant recipients in the U.S., overall one-year graft survival was 95.2% (95% CI: 94.4-95.9) among DD transplant recipients and 97.9% (95% CI: 97.3-98.3) among LD transplant recipients (Figure 1 ). Overall graft survival rates were lower for blacks compared to both Hispanics and whites throughout the follow-up period (p<0.0001), with racial/ethnic differences more pronounced in long-term graft survival (Figure 1 ). Among DD transplant recipients, the 2-year graft survival was 91.5% for whites and 93.7% for Hispanics, but only 86.4% for blacks. Among LD transplant recipients, the 2-year graft survival was 96.8% for whites, 96.7% for Hispanics, and 93.0% for blacks. These racial differences were notably greater in 5-year graft survival. At 5-years, black LD recipient overall graft survival was 78.9% (vs. 90.8% for Hispanics; 92.2% for whites) and black DD recipient graft survival was 63.0% (vs. 82.8% for Hispanics; 80.8% for whites).
In crude Cox analyses for DD transplant recipients, Hispanics had similar rates of graft failure at any given time during follow-up vs. white DD recipients (HR=0.90; 95% CI: 0.74-1.09) and rate of graft failure for blacks was twice as high as whites (HR=2.00; 95% CI: 1.70-2.36). Among LD transplant recipients, the disparity was higher among black vs. whites (HR=2.65; 95% CI: 2.03-3.45), and similar among Hispanics vs. white (HR=1.06; 95% CI: 0.78-1.43) ( Table 2 ).
Of known causes of graft failure (71% of graft failures), the most common reasons included chronic rejection (37.7 % of graft failures), acute rejection (23.3%), recurrent disease (10.8%), other (10.4%), and noncompliance (9.5%). Less common reasons included primary failure (3.0%), graft thrombosis (2.1%), infection (1.7%), BK Virus (1.3%), and urologic complications (0.5%). Racial/ethnic differences in causes of graft failure did exist, where a greater proportion of black patients (27.0%) had acute rejection compared to whites (21.7%) and Hispanics (19.0%). Whites also had a higher rate of recurrent disease (14.5%) vs. Hispanics (10.4%) and blacks (7.5%). Additionally, noncompliance was reported as the cause of graft failure more commonly for black (11.4%) vs. whites (8.3%) and Hispanic (7.9%) patients.
Multivariable-adjusted Graft Failure
The final, multivariable, donor type-stratified, Cox models examining the effect of race/ ethnicity on graft survival adjusted for age, sex, insurance status, neighborhood poverty, etiology of ESRD, peak panel reactive antibody, BMI >85%, blood type, receipt of a preemptive transplant, immunosuppression regimen at discharge, induction therapy, Share 35 cohort era (i.e. post-2005 implementation of the Share 35 allocation policy that preferentially allocated donors < 35 years to pediatric patients < 18 years), and Organ Procurement Organization (OPO) allocation region (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Models adjusting for other demographic and clinical characteristics were examined, but differences were not meaningfully or statistically different from the final model. In final multivariable models, Hispanics had similar or lower rates of overall graft failure over the study period vs. white patients for both DD (HR=0.84; 95% CI: 0.68-1.03) and LD (HR=0.76; 95% CI: 0.54-1.06) transplants (Table 2 ). In contrast, the rate of overall graft failure among blacks was nearly twice that of whites for both DD (HR=1.82; 95% CI: 1.52-2.18) and LD (HR=1.82; 95% CI: 1.34-2.47) transplants ( Table 2) .
Estimates of the effect of race/ethnicity on graft failure within strata of neighborhood poverty and health insurance status are presented in Table 3a (DD transplant recipients) and Table 3b (LD transplant recipients). The effect of race/ethnicity across various SES levels was consistent, i.e. we did not observe statistically significant interaction between race/ ethnicity and either health insurance or neighborhood poverty for both LD and DD transplant recipients (p > 0.05). Across donor source, poverty level and insurance status, black (vs. white) children experienced a significantly higher rate of graft failure, whereas Hispanic (vs. white) children experienced a similar to lower rate of graft failure.
Subanalyses
In a sensitivity analysis excluding patients with 'other' insurance (n=116; 1.9% of study population), multivariable results for the effect of race/ethnicity on graft failure for either LD or DD transplant recipients did not differ significantly from main analyses.
Analyses that excluded patients with Focal Segmental Glomerulosclerosis (FSGS) were similar to main analyses for DD transplant recipients; among LD transplant recipients, the multivariable-adjusted effect of black vs. white race/ethnicity on graft failure was more pronounced (HR=2.03; 95% CI: 1.46-2.83).
Since death following kidney transplantation is a fairly rare event in children (4.9% of study population), multivariable modeling results considering death-censored graft failure as the outcome were similar to main results (results not shown).
Discussion
In this cohort of U.S. pediatric kidney transplant recipients, black (vs. white or Hispanic) race was associated with worse graft survival, particularly at 3 and 5 years post-transplant, regardless of donor source. These racial disparities persisted in low neighborhood poverty areas and among those who were privately insured. This disparity persisted despite adjustment for a broad array of demographic, clinical and transplant characteristics, such that black children were nearly twice as likely to experience graft failure at any given time when compared with white children (HR 1.82; 95%CI: 1.52-2.18 for DD; HR 1.82; 95%CI: 1.34-2.47 for LD).
For recipients of LD kidney transplants, white and Hispanic children experienced 5-year overall graft survival rates of 92.2% and 90.8%, respectively. Black children who received LD kidney transplants, however, experienced a 5-year overall graft survival rate of just 78.9%. For comparison, the 5-year graft survival rate for adult LD kidney transplant recipients is 83% 19 . Thus, among pediatric recipients of LD kidneys, most children fare well and experience outcomes superior to adults; however, black children who receive living donor kidneys actually fare worse than adult living donor kidney recipients at 5-years.
When we compared unadjusted allograft outcomes by race/ethnicity among pediatric recipients of DD kidneys, racial disparity was even more striking. In fact, black pediatric DD kidney recipients experienced only a 63% five-year graft survival rate (vs. 80.8% for whites and 82.8% for Hispanics.) Again, in comparison, 5-year graft survival for adults who receive DD is 71% 19 . Thus, black pediatric DD kidney recipients appear to experience substantially poorer 5-year outcomes than adult DD kidney recipients. After adjusting for various demographic, clinical, and SES factors, the racial/ethnic disparities in allograft survival were similar for both LD and DD transplant recipients.
Hispanics had equivalent (or better) graft survival compared to whites, across donor source, poverty levels and insurance status. Notably, both Hispanics and blacks had similarly large proportions of patients with public insurance and patients living in the poorest neighborhoods. We were unable to examine whether change in insurance status, such as loss Patzer et al. Page 5 Kidney Int. Author manuscript; available in PMC 2015 September 01.
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Author Manuscript of insurance coverage after three years post-transplant, influenced outcomes. One study comparing European and U.S. graft survival rates suggested that insurance differences might influence differences in international transplant outcomes 21 . However, several U.S. studies have found that while loss of Medicare coverage in the U.S. influences graft survival, it does not explain the substantial differences in racial disparities observed in adolescent and adult kidney transplantation access 13, 15 and outcomes 22, 23 . If loss of insurance at 3 years was the driving force behind disparities in longer term allograft survival, poor outcomes would be expected among Hispanic children as well as black children, which was not observed in our study. Further, our Kaplan-Meier graft survival curves demonstrated a divergence in graft survival (LD and DD) among black (vs. white and Hispanic) children before three years.
Hispanics and blacks were also more likely to be adolescents, have poorer HLA histocompatibility matching, have higher cold ischemia time, and delayed graft function, and less likely to receive preemptive transplantation compared with white children. All of these factors are considered risk factors for poorer long-term allograft survival 11, [24] [25] [26] [27] . Thus, we had expected comparable graft survival rates between blacks and Hispanics. Several prior studies have demonstrated that Hispanics in the United States tend to have better health and survival outcomes, despite more limited access to healthcare, lower incomes and education levels, and higher prevalence of hypertension, diabetes, and obesity compared to whites 28, 29 . This "Hispanic Paradox" is hypothesized to reflect social and cultural factors that promote health, strong ethnic identity, the healthy migrant effect, acculturation, and/or study bias (e.g. misclassification bias, selection bias, etc) [30] [31] [32] . There may be other factors that are influencing graft survival among this group of Hispanic patients that are unaccounted for in our analyses. For example, Hispanic ethnicity comprises a variety of different ethnic backgrounds. Thus, we may be masking differences within subgroups by collectively assigning the label "Hispanic" to a heterogeneous population.
Why are black children faring worse in longer-term graft survival, across donor source, poverty level and insurance status? There may be unmeasured immunologic or biologic barriers to long-term graft survival which are unique to blacks. 33 For example, blacks have higher rates of FSGS which can recur post-transplant. We attempted to examine this possibility by excluding patients with FSGS in a sensitivity analysis; however, this approach did not change our study results.
Blacks also tend to experience longer time on dialysis before transplant and may thus incur greater burdens from longer exposure to the comorbidities of chronic kidney disease, including cardiovascular disease 34 . We examined eGFR at listing and found that whites had a statistically significant eGFR at listing that was higher than Hispanics and blacks (white mean GFR 13.1 vs. Hispanic mean GFR 11.8 and black mean GFR 11.4, p<0.0001). Whether this small difference in GFR is clinically significant is unclear and does not explain why poorer long-term allograft outcomes were observed for blacks but not Hispanics.
Additionally, there may be immunocompatibility differences by race which increased risk for sub-acute rejection and chronic allograft nephropathy 33, 35, 36 . There are known racial differences in the metabolism of certain immunosuppressants 37, 38 and thus biologic differences may play a role. Black children in our data set were significantly more likely to have acute rejection reported as their primary etiology of graft failure. We also observed that blacks were significantly more likely to be labeled as non-adherent as the primary cause for graft failure. Whether this reflects reporting bias or true non-adherence is unclear, since a patient may be labeled noncompliant at any time either before or after graft failure. Adherence has been shown to decline with greater time post-transplant 39 . Nonadherence is also significantly associated with graft failure among pediatric renal transplant recipients 40 .
Moseley and Kershaw recently hypothesized that the primary cause of disparities in pediatric kidney transplantation for black (vs. white) children is "a social environment that limits the availability of suitable organs and makes adherence more difficult for (black families) compared with white (families)" 41 . The authors posit that societal bias has led to the unequal distribution of education, wealth and employment that undermines the ability to comply with the medical regimen. We were unable to explain our observed differences in graft survival rates by our proxies of SES. However, it is possible that the measures used in our study --insurance status and neighborhood poverty --do not adequately capture the burdens of poverty which impair long-term adherence. Since we did not observe reduced rates of graft survival among Hispanics who also comprised a large proportion of the poor and underinsured in our cohort, it is feasible that unique cultural barriers and raciallyspecific (black vs. white) bias enhance the burden of poverty for blacks.
As with any observational study, residual confounding from unmeasured variables may have impacted our results. In this study, we were unable to measure changing health status during follow-up and the measures for reported noncompliance are likely incomplete. Further, immunosuppression dosing information is not available in USRDS data, although in pediatric kidney transplant recipients, immunosuppressive doses are generally based on weight or age and are not race-adjusted as standard of care 42 . Causes of graft failure reported in the USRDS database have not been validated, and may not reflect more complex behavioral, psychosocial, or insurance causes. Finally, our study focused on patients of race/ ethnicity reported as white, black, and Hispanic. While these results may not be generalizable to other minorities, this study highlights the importance of examining biological and social constructs of minority groups that may influence poor outcomes following transplantation.
This study has many strengths. For a pediatric study, our large study population provided enough study power to examine multiple racial/ethnic groups. This is the first U.S. study to compare pediatric allograft survival among Hispanics vs. black and white patients, among both DD and LD transplant recipients. Further, this is the first study of pediatric allograft survival to consider such a broad array of clinical and demographic patient-level factors and with the interaction between SES and race/ethnicity concurrently. United States Renal Data System (USRDS) data are virtually 100% complete, so study population follow-up is >99%.
In conclusion, this study is the first to our knowledge to explicitly examine the impact of both individual and neighborhood level SES on racial/ethnic differences in allograft survival among pediatric kidney transplant recipients in the US by donor source. We report that black (vs. white) children experience significantly higher rates of graft failure, regardless of donor source, poverty level or insurance status, whereas Hispanic children experience similar allograft survival rates (vs. whites) after adjusting for differences in demographic and clinical factors and disparate SES. Targeted studies are greatly needed to identify modifiable vs. non-modifiable barriers to long-term graft success for black children. Only by gaining a better understanding of the problem, can interventions be directed at effective solutions.
Methods
Study Population and Data Sources
Incident pediatric (age < 18 years) renal allograft recipients who received a DD or LD transplant between Jan. 2000 through Sept. 2011 identified in the USRDS were included in this analysis 43 A total of 7,878 pediatric (<18 yrs) transplant recipients were identified within USRDS from 1/1/2000 through 9/30/2011. Patients were excluded if they received a prior transplant (n=770), they received a multiple organ transplant during the study period (n=87), and those with missing donor type (n=12). In addition, due to small sample size, we excluded patients whose race or ethnicity was reported as other than white non-Hispanic, white Hispanic, or black (n=676). Patients who were either missing residential zip code or could not be linked with American Community Survey 2007-2011 zip code data (n=117) were excluded. The final study population consisted of 6,216 pediatric patients.
Study Variables
The primary outcome variable was overall graft failure during the follow-up period, where deaths were considered graft failure events. Study participants were identified at the date of transplant and followed until graft failure, death, or the end of the study (Sept 30, 2011) .We also considered death-censored graft survival, in subanalyses. Follow-up time for overall graft survival was defined as time from transplant until either graft failure or death. Analyses were stratified by donor type.
Race/ethnicity was the main exposure of interest in the analysis. Neighborhood poverty and health insurance were considered proxies for SES. Neighborhood poverty was estimated by the proportion of individuals residing below the federal poverty level in each 5-digit zip code using 2007-2011 American Community Survey Census data. We defined high neighborhood poverty as areas where 20% or more of the households were assigned to below the federal poverty level. Primary health insurance at the time of transplant was categorized as private, public (Medicaid, Medicare Fee for Service, Medicare & Choice, Children's Health Insurance Program, Department of VA, Public insurance -other government, US/State Government Agency, or Medicare Unspecified), or other (Self, Donation, Free Care, or Unknown).
Covariates considered included both donor and recipient age at transplant (years), recipient sex (male or female), pre-transplant BMI >85 th percentile, and etiology of ESRD. Transplant characteristics considered included duration of dialysis (preemptive transplant, 0-6 months, 6-12 months, 12-18 months, and >18 months), number of HLA mismatches (0-6), blood type, peak panel reactive antibody (PPRA) (0-19, 20-79, vs. ≥) and cold ischemic time (0-12 hours, 12-24 hours, >24 hours, and missing). We also considered delayed graft function (dialysis within the first week post-transplant), use of induction therapy (yes/no), immunosuppressant treatment regimen (tacrolimus-based, cyclosporinebased, or other regimen), induction base therapy (thymoglobulin, Interluekin-2 receptor alpha chain, Campath, steroid only, or no induction therapy), transplant era (pre-and postShare 35 allocation policy implementation in September 2005), and 11 OPO allocation regions. In the US, an OPO is a nonprofit organization that is responsible for the evaluation and procurement of deceased donor organs for transplantation.
Data Analysis
Chi-square tests and t-tests (or non-parametric equivalents of the t-test) were used to examine the differences between baseline characteristics, including demographic and clinical characteristics, by race/ethnicity. Crude graft survival was examined using KaplanMeier methods, where comparisons between groups were analyzed using the log-rank test statistic. We used a Cox proportional hazards model to examine the association between race/ethnicity and time to graft failure, stratified by donor type. Covariates were considered as potential confounders based on their association with race and SES and graft failure, or because of known clinical importance. We utilized a sequential modeling approach, modeling the crude relationship between race/ethnicity and graft failure (model 1), adjusting for demographic and clinical characteristics (model 2), and next adjusting for demographic, clinical, and SES characteristics, (model 3).
Robust sandwich variance estimators were used to account for potential correlation between patients living in the same neighborhood 44 . In multivariable analyses, we used the Markov Chain Monte Carlo method for multiple imputation methods for missing covariate information 45 . To examine whether racial/ethnic differences in graft survival persisted even among patients without FSGS, we conducted sensitivity analyses excluding this subgroup of patients. We also conducted secondary analyses examining death-censored graft failure. All analyses were performed with SAS software version 9.3. The Emory University Institutional Review Board approved this study. Patzer et al. Page 19 
